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AZ91&&<&3Lfa 

fcbi«*j£ 100:1 J-XJL ' *4fJ. 150:1 «_t > #^a^* 250-350 °C ^1 • ««tt*at 
' *-it*Stb*r* 20:1 JL 50:1 *.H ■ »£* 250-350 °C^SJ • f,-it 
JfrSttq-* 3:1 J. 8:1 » i££4 200-300 °C 4^1 - 50 
°C±30°C • AMtb4LM»ft ■ fi*L^T*Hb*j« 1 um • Jfe 300 °C & IxlO" 3 s°JlT 
8$ ' 4f S4 ftte #J# -fe * 1 200% . 



Fabrication of Low Temperature Superplastic AZ91 Mg 
Alloys Using Simple High Extrusion-Ratio Extrusion Method 



The present patent is to choose the most popular and low-priced commercial AZ91D 
ingot, and to apply the most simple and feasible one- or two-step extrusion method, 
resulting in superior low temperature superplasticity. The one-step extrusion is undertaken 
using a high extrusion ratio above 100:1 (better above 150:1) at 250-350 °C. And the two- 
step extrusion is conducted with an extrusion ratio of 20:1 to 50:1 for the first step at 250- 
350 °C, followed by a second-step extrusion with an extrusion ratio of 3:1 to 8:1 at 200- 
300 °C (-50 °C below the first step). The grain size after high extrusion ratio extrusion is 
~1 um, resulting in high low temperature superplastic elongation of -1200% at 300 °C and 
IxlOV. 
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(6) 

(7) : TE7<i:#*'Jffl • 
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» Att&*tt*4t ' * ft 71 (cavitation) 3&& « 

ftt • &-#*±*;fel!IK*&##fc!Ett^£*l£ [1-9] • 
2.1 (Rapid solidification, RS) 

Solberg #A [1] fa AZ91 «4^ft4f- - *| Jg ft j&& a & • 12 mm 

100 \un * ' ' *A4fta§ 40:1 . & b b b&;M<J 

& 1.2 nm'Mg 17 Al„4Lp*«I A 0.2 urn- Aft- E) fi*L*.«l* 3-20 
Him - &&j£#aW*ttfifrfc~ft*4##fi*t* • ^M^i^Sii^^Mi 
300 °C B}ffi$ 12 *a££&*t;M*Jiil#&A#&£ > A#t##£ 1.9 urn 
iLis • * 3.3xl0" 3 s 1 ft 300 °C T*« • -ftt4A«i&fta *«ft«#*id>J«* 
170% A 1000%° .«Ma^^||[Mfttt.^S||jL-A#ftbA!|S^#«L^ < 
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JL > *9N*.H ( 3 ) 

^iSO.«L#&« 100 nm £Jtit%SftJi V • ■ftl£lfc£JR4&afcf , #r3l • 

2.2 (Powder metallurgy, PM) 

Mabuchi #A [2] a AZ91 • ZK60 » 2K61 £4 ' **Mfr**^**lt« 

300 °C 8$ 100:1 » ttttJi «tig.^4S • m^S&A 300 "C - tfoiS*. 

B$ffl* 30 jHI ' Jfefcrafctffl- .AZ91 & ZK61 - 

AZ91 & ZK60) *„fifc.A*:&*#.l£ 1.4 ujti - 1.4 |im > 5.0 \xm - 2.4 jam . 

AZ91 tg&$T#&k#^&g-l±f4f ' #«M£jfc#*4 

280% - it^H^ B a B *i^^/r#^&fj^^'|±a^i4#^^ . . 

£ Kaneko ^A [6j iff i&ft@*jRsft:«L AZ105 « AZ88 - ZA124 #s 

ZA128 • 100:1 . » 200 °C A 300 "C • 2x10^ 

~ 2x10"' s' ■ A«#*itft*##* 300 °C • 2xl0" 2 s 1 > &4 • 

m.#¥t AZ105-AZ88-ZA124 #» ZA128 ^t-ft*£-M 900%* 800%^ 500% > 500% • 

^-m^ju^jiitra^^^ 300 °c ai ^t^^^A • &m 

m-fiL-fc'frM.^AStii.^^fl&ftA 1 4£ 0.24 £jfc 0.65 • 
Iff AZ105 A AZ88 il^tf^ - • teit+f^ 5% ft 8% 
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2.2 (Powder metallurgy, PM) 

Mabuchi #A [2] a AZ91 - ZK60 » ZK61 ' 

300 °C 100:1 » ftt<>! ' i&*i3.&^ 300 "C ' ftiS* 

B$fflA 30 • ^S«9«#^4 AZ91 & ZK61 - 

-S.AZ91 &ZK60) ^H,&.A>M>#J& 1.4 nm- 1.4 jam > 5.0 jam - 2.4 • 

AZ9i ttft&&&%3&$T#&k##)*zm&.te.1t - *<s,a*is*i#t* 

280% ■ &ftH 4 • • 

£ Kaneko [6] ^£?&&&&i£&E!>&3i&:«L AZ105 > AZ88 - ZA124 *> 

ZA128 • #M 100:1 > J*> 200 °C -S. 300 °C • ^I^i4#4r 2x10^ 

~ 2x10' s 1 . Afl**^**^*** 300 °C - 2x1 0" 2 s 1 • :tp#&£ ■ it ra 

AZ105-AZ88-ZA124 ZA128 «.fHk*^*|* 900% » 800% * 500% -500% » 

<nn4k,n"a#aatwj(i^* 300 °c **#ftt*tt.* ai ^# ^m^a • 

tt«H m*-fc*tt*A****;frfl&!*A • # 0.24 ^£ 0.65 . 

® AZ105 A AZ88 it^#^ - *feM»'(t ' teibtf^ 5% H 8% 
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2.3 jgji* (Rolling-typed thennomechanical treatment, R-TMT) 

Liu |A [10] *>j£tffi*#t&fli AZ31 «^ir4fH ' Mll^M^ ■ 
*4A^aA4 300 °C~500 °C • 4HHq9L&#ttiWaaL* 400 °C «T«* ' AZ31 £1 
<£4^A«LA'Mfc 250 urn g£ 50 urn » fiSiA^ 400 °C 8$ . 

100 jam A* • %1&43 £#£4&aLJ$*«<fb • te<fe*aBNr , fi*fcJ&*. . aggj&fl^ 
»-M&J&##A (dynamic recrystallization) A a a 8 &/£-g:.£_fii] - ft AZ31 
#*ttk ' &:t-41=S.££g|& 200 °C~500 «C • 5xl0" 3 s 1 - Liu ^A.[10]#$| 

170% > X4M|#A 500 "C ^ 5x10 s s 1 « TEM &&gg7F;£#>#£ 
(dislocation creep) A**B<fc- * * ft & ' ffi> A A £ & A # 

(high-angle grain boundaries) • A££#**.jM**&£* ' it£B* 

• AZ31 9 ^X|M#MffiM^ • & AZ91 • is> 

AZ31 iJjftiiiB a*»fti^* ' * AZ91 4Mff*.4t&Jfl#ib.ttA** • 
« • 2-3 « • &*>feM*MfeMfitt*. A 291 ' 

fftMlt ' fti • Jt^Jt^fJ^H*** ■ 

2.4 £4g.#ftj!£$[ ( Equal channel angular pressing, ECAP) 

Mabuchi #A_ [3] £t AZ91 A^itM • 5 «C 2 

' &&ft 215 °C • MWW 1 nm • 
^*t*ixdk«»«ra**sfe [2][10] * • &4MMM£*Lti*A&4 8.05 [11] • 

AZ91 ^i§S^^t«^t»^*t ' 6.2xl0' 5 
s 1 . 200 °C B$:£4MFtt«£4£ • #ftt4 661% - • 
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2.3 JgSJ.* (Rolling-typed thermomechanical treatment, R-TMT) 

Liu [10] AZ31 • Mffi-9-«0^J£94^ • ft*|^ 

ttA#a*4 300 °C~500 °C • a^ftl^U^S&» 400 °C «T8# ' AZ31 # 

250 M m g& 50 urn > tea&A** 400 °C b£ - 
tflifc 100 \im - fifc&te&i^Mb ' 'fe^t^-a.^ a a a *it^ ( -fe • «HA^iS 

(dynamic recrystallization) Jl&jfej&-ft*.fil - %■ AZ31 
. &x<rlF»A|6B£ 200 °C~500 *C • 5xl(T 3 s' • Liu $A[10]#f<J 

4fcA.4i#-ftft4 170% > i-ftfc+r* 500 °C & 5xl0- 3 s' 1 - TEM ft.&M^&#*tt 
(dislocation creep) #- & & 4b - & ' « *<P % A 

(high-angle grain boundaries) • A<&/fc#£JM*#&«fc'J* - it£8*A#-#-*UfcM. 
#Mr&-AZ31 ^*a*i***IWS!^#««^ ' & AZ91 

AZ31 |«|iRS»!ku^ ' ^ AZ91 AM4ff^&flttiiiJfe4k<&»* • ««* 

• MJtlklk&Z- 2-3 4& • A291 ##- > 4G*Jtft 

2.4 jSeH ( Equal channel angular pressing, ECAP) 

Mabuchi # A [3] « AZ91 tt****) ' » $*t#4*$- 415 °C +#tSS&&& 2 
*-*Ut**ua«iiM*#4MM*« ' 1£4 215 °C . tfft-tt A«t$ 1 urn • &-& 
#4bivxdh>»3!M% [2][10] * > ftf«#Hfl«II%4 8-05 [11] • 

*Xjfc4L AZ91 ' 4 6.2xl0" 5 

s' . 200 °C At&toVi&W- ' 661% ' tt#»*«**ttA>X • 
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afaFH8^®*L#2&& - *iftECAP ' *-ffc* ' 10-30 mm . 

Mabuchi ^ A[12J;ft # if,j|$;jtf t^f gj|;fft^; (high-resolution electron microscopy, 
HREM) (non-equilibrium state). 5£ 

a**£A*#Jfl*Ji**»J (wavy) - JLft#ft&i£&*& 

JMfr-f- ®£* (distortion) • #fi*rW«U4 225 X $*£T 12 *«HU&*. 

(annealing)' &4E?«AJMt£Jfc-f«A£ • 0.7 urn 3.1 jim - 

- 

2.5 (Extrusion) 

Lee #A [13] M AZ91/SiC p ^#^^^ » ^ig^^^tb (extrusion ratio) » » 

£4t*l A *SI -jtHjl* K***#*rj&£. ■ Mabuchi 

£A [5J-&W AZ91 ' FQSLSt 480 °C > 400 °C - 300 °C # 

*M»S ■ A 66.1 um - 15.4 urn** 7.6 urn • mtiL&fc&iZM 

°C ' AZ91 £^*m:Mlti4g%&fr*&& • 

2.6 (Reciprocal extrusion) 

*k ' (*lA£../Vfc) ' $U W200 °C & lxlO' 3 sr'afr > 
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& 400-430 °C 1-3 «*8* » 4Lft#«t*.^«.*##A^JSj^ • &&<$igi?#5 
200-400 tifl • Jlf«|#J^jRAB^jKSM (J:m^65mm)> 

A (extrusion ratio, RR)4^fUfc'ffiJ«4LJMlftrt*tft*' tt&ft JjJU* ' 
#3!a& IB ■ W 250-350 °C ^.KJ > 300 °C±30°C ±T • 

Wm&ffl4L*#32tb*J*«* ' 75&#-*t#rS*. 10:1 « 20:1 *.#3irt; * 
100:1 ttl • *#i 150:1 «Ji - ^tS^MttftHAS. 4.6(=]nl00)«_t • ft# 
5. 5.0 (=lnl50) «_L - * t4»S tt«** : ER=A K /A r ; (reduction in area, 

RA) : RAKA,-A^/A 0 ; (true strain, e) jfc : e^ta^A,) • & 

fi&ft*}**)* 42:1 - 100:1 « M 166:1 . ft • 
SI**S«JLS* 65 mm » ' Mt^ 10 mm A 6.5 mm • S'J 
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JL > ( 9 ) 

■^tt^ 42:1 A 100 : 1 > &&&&&& * 10 mm 2 mm > *J|HS 

tb^ i66 : i ° &^m*miumm*-m'{fe$-*%r&v3 - titw^s • t 

#tbi^A^.i- '4°«-&^£tX^- '&®4W»T$.% 200 mm '^E^ 31416 
mm 2 . ttft&tfft 150 mm % > 2 mm % • S'lMtt^ 105:1 • &i4/fo&*i^<j±^t 
; *ia^i&jL^250 mm - &fi;f££ 49087 mm 2 > 150 mmjf. 2 mm 

• JHMtfc£ 164:1 • ^te^te&gft • *T&-fe,*fi§i£i8}/a 

• *t* -s£$fr^&&® *«-*-aA » w 250-350 °c z.% • 300 °c±3o 

°C JiT-*— aHfral fcb »T&3:1 I8:l ^«'<MHt*fi^«^3!fcfl*it*I*> 100:1 

• jSl#.£ 150:1 «J: »'**.=.iMM!adt-fcB ' 200-300 °C 
' 250 °C±30°C _LT ■ *-fe«*--it#3!4L»&» 50 °C±30°C • 

*Hf*-tt*il#3S *1T**.l£«*»-it*«tb* 42:1 • Bp_t*#-4£#-32 
ttl&fl! .65 mm 10 mm M) . ^#^^J=-it 

4ft«aL<.«S ' JfrSfct* 4:1 («. 10 mm jt&M 10 mm x 2 mm) • ajifijfrai!*.* 
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JL - fctyHW ( f ) 

mmtt®fe& 166-.1 . «i*-iw»S4Lif*ft#i*A#ifc*t- *»a#-rtF«.«# 

JL««T«* 250 mm' 49087 mm 2 « fc-itWdlMA 150 mm % 8 mm 

.=-40*3! ife 150 mm £2 mmjf^fctt'M K*H**tb#A 164:1 - 

Mwm4U9tt*tf4Mkflrt9}&'>qtt& • kcaep-35oe sma^m* 

& • JfcMttMAttS 3*» • sfe jj; 350 « . 

«*t#*ti* ' #LAm#*i*M*it (astm) • 

' ifc*flt$* fiSJt-tJWMr** ' 8.3 mm A 5.5 mm « 

©IRffi*!*^^**^^**^ • »4t#*MW** Instron5S82 3ftfc*Ufc 
4ft * tt*MMftK#.2.6*ijlk*a£ • (constant 
cross-head speed) • ^*Jifeff £ t • £a«$ > 

"C j» Ji . ^JNi» 2x10^ - 8xl0-< - IxlO" 3 » 2xl0 3 - 8x10* A 2x10" ^.JfcfeMfclML • 

* AZ91 Jt4&fE44i44f • A 125 pirn • * ffl -(a) > 

* * £ 100:1 *itJ*33& ' A*t*r*»4t*J#} 4 jim ♦ ffij 166:1 • a B a 

*. ri 3"*B4bS'Jft 1 nm»*»©-(b) » • ^itMit 166:1 ft - a a B & *ng&$in4bf , j#J 1 \xm • 



S3. 3. 10,000 



3- *4HHfctf ( /») 

JL«-*»jlfc«t*i*J. 250 °C (*ha**«) 60 . S>U 

#£*ft£4£#l*#fi*t/t-frA*j4 l-5nm»/3*M&m*Ui 250 °C • 

&&#5M»j*M$ 0 - 30 > 60 A 90 • ' Bt*#M« 

8 B aMtjlltA«S:g^M 350«C«JL## 30 4Ht>»JM**-ftft! 10 • 
8.1 gS-^Jfttttetf 

•tiff ■ 4B*«4M*4M*Tfc#*i#amW**t*|:£« - 4M1?ra# 
**I*ri*«iMJtaA (UTS)Hf*fT*^ ' 4£ 146 MPa Jtf*>$j 320 MPa > i£*8 4 
#*MffXfltfb6$#H ' f feftUMft* 15-20%^$ • • A#^AZ91 

'AT*##HtJT • T6 &3 • 

-I5.&415 °C . 2 /hBfft** - • B**MMfr* 168 "C - 18 *B$- - .*£i£T6 

Bf&ftM ' 3* 380 MPa • tfl^UlDM 10% • 
8.2 

^£S«Ji^*t'ft«!l*t ' B£ 350 °C 
Alb ' 4M&4tiSL&&£ 200 - 250 A 300 °C - *g>(i&j£$& 2X10" 4 * 8xl0" 4 - lxlO" 3 * 
2xI0 3 ».8xlO' 3 &2xlO'V • ff^BIMSlfc*.*^ • »^Wj««f|r#flf#^«4lAa 
' ^*J**Mi— *.(aX(bWc) ' IB— (a) 3**4 42:1 «MBd*S! ■ 
^MTfeA 9 umiftte* . ^200 » 250 • 300 °C *?flAfit^T<.ftfi*f*#t 



t ■ ( CNS ) A4«Ufr ( 210X297*jft ) R3.3.1O.0OO 
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A 7 
B7 



- ®~(b)75&7hjL 100:1 t«fct^>1 > itt|4 nm4L B a B *i4f- ' 
'ft&£i£^4LteM^.fc'ff ^^b ' ffiH-(c)f!4 166:1 tit^^tt-S.^ • 
«^!?pit 166:1 > aA^^mmMm^tt^it 166:1 4L^«^?fe^J » &>#H)%. 

l#-3!!^^iSM^^|5]^fcb^g.S^t*L^tfcb*t ' IU(a)&&250 °C ^lxlO" 5 
s-' a^fcbfe ' @ J=-(b)A£ 300 °C & lxlO'V n^fct& • 

AB — «T*p • -itt^SSBf***^*^ 100:1 • • ^fcb 

100:1 - £250 °C& lxlO' 3 s' #mgi£#T ' &*T4Mi*«W# 

■fe* 300%. A*#2tt4&aL«£&' &*&#^£#4#«A#^x*jfc#flfffi • 
Hh 166:1 300 "C & lxlO J s"' ±T*A€it*T ' 4**Jft&6*#-fc4 

1200% . *>■ ram* • *tia*^«*tf *****w:tjt*#*t 1 • 

Norsk-Hydro £3 J-X&itStiS&t flj*J*Atf 100 nm *j ^ . #M«f < 4#.?fe 
f-*® fl]« Mg-4Y-3RE-0.5Zr (WE43)4*j**a«#fc#i^ f!5] 

400 "C. 1000%*.*8,a&!fc4t-fc4 ' fa*#W^*ffl**flr^*^ 

166:1 - • *3MlJI:*j$ - -iiM*3!-#t2.«. 

««*i#-R:4 ' 300 °C M IxIOV «±^.Si$.flf > 0J:£~3OO%4Ufc#4 ' 

H iA**!^^ 4fc lxlO'V tit^n&fcT ' fitgr-gtbHA • 
Bp*ix4jl&AB^'A/9f# i !66(j^it»Jt*^'flLAZ9] & 166:1 300 °C & 
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A 7 
Q7 



1x10 V B^ftaA^tLAttn-fl 15MPa«itA§9**iif; , 

- - Iftii**^**^^^*.*^*^^^ . *»« press 

forging * press forming AZ9I ^^M^M • 

100:1 **H24t«>l<.4*it*«t* m-SL . 73«200 »250^300°C 
*-fi£SJB! • #2x10^ 2xl0- 2 s"' «Jtftit*<.N/*Ht . * 250 & 300 "C a* » m 1^ 
«-0,3-*.-t*4-«»®#«^^mflt.|fcft^ 166:1 300 a C * >m ftjfcft 0-5 - 

#fea««tt4l#*f • nHft-*tPx*« 0.3-0.35 • 0.5^.rafi|^f»^si • 
* AZ91 ' IMMHI*.ffiftfc*r£tt#S! ' fl«A*L*H*j43 • 
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A791 


Conventional 




250 


3 3x1 0 3 


110% 


rn 




cast+extrusion 




275 


3.3xl0' 3 


180% 








300 


3Jxl 0' 3 


170% 




AZ9I 


R S+ext m sion 




250 


1.8x10 


>500% 


rn 








275 


3.3x1 0" 3 


>1000% 








300 


3.3x1 0" 3 


>1000% 




AZ91 ~" 


PM+ extrusion 


1.4 


300 


1x1 0' 2 


280% 


[2] 


AZ91 


T A/f-fpxrni s in n 


4.1 


250 


4x10^ 


430% 


f21 


A7Q1 


FCAF 


i 
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175 


IxlO' 3 


100% 


rn 
i j j 








175 


2x1 0" 4 


180% 


r4i 








175 


6x1 0" 5 


326% 
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1x10^ 


400% 










200 


6x1 0 5 


661% 
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1.4 


300 


1x1 0" 2 


280% 


F31 


A791 


FCAF 


4.1 




1x1 0" 4 

JAl Vf 


410% 


rii 




.OA.il UbtUIi 


7 6 


mo 




110% 


rsi 

L 3 J 


















F YtnKinn 


15 4 


300 


IxlO' 5 

1A1U 


150% 


T51 




("400 0 0 












A791 


Fxtrn^ion 


66.1 


300 


Ixl 0' 5 


<30% 


rsi 




(480 °C) 












AZ105 


P M+c xtms to n 

L J ▼ X 1 v All Ul>»VH 




200 


2x1 0" 3 


53% 


F61 








300 


2x1 0' 3 


400% 










300 


2xl0" 2 


900% 




AZ105 


IM+extrusion 




200 


2x10-' 


75% 


[6] 








300 


2x1 0' 3 


120% 




AZ88 


PM+extrusion 




200 


2x10° 


68% 


[6] 








300 


2xl0' 3 


260% 










300 


2x1 0- 2 


800% 




AZ88 


JLM+extrusion 




200 


2x1 0" 3 


90% 


[6] 
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2xl0" 3 


105% 




ZA124 


PM+extrusion 




200 


2x1 0" 3 


80% 


[6] 








300 


2xlO J 


350% 










300 


2x1 0" 2 


500% 
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IM+extrusion 




200 


2x1 0" 3 


70% 
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2x10° 


73% 
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PM+extrusion 




200 


2x1 0" 3 


55% 
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2x1 0" 3 


300% 










300 


2x1 0" 2 


500% 




ZA128 


TM+extrusion 
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2x3 0' 3 


60% 
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2x10° 


120% 





xj$6. JBES ® ciks XAm&i 

I i i I \\l ::=:: 



H 
ft 



It 



( 210 JSJ974S« ) 



536558 



A9 
B9 
C9 
D9 



i <&WVW (//) 

(Continue) 



ZK60 


IM+extrusion 


3.3. 


325 


IxlO' 2 


544% 


[7] 








337 


IxlO 2 


305% 










350 


1x1 0~ 3 


420% 










400 


IxlO 3 


340% 






PM+cxtrusioa 


6.5 


200 


3x10* 


430% 






+annealing 




212 


8x10* 


430% 


ro 








225 


IxlO 5 


400% 




ZK60 




3.2 


300 


4x10 3 


730% 


m 


ZK61 




1.8 


350 


lxl 0"' 


450% 


12) 


ZK60 


Extruded 


3.3 


325 


IxlO - ' 


130% 


[7] 








325 


IxlO" 2 


544% 


[8] 








. 325 


IxlO" 3 


370% 










350 


IxlO"' 


150% 










350 


IxlO" 2 


320% 










350 


IxlO" 3 


420% 










400 


IxlO" 1 


60% 










400 


IxlO' 2 


100% 










400 


lxl 0- 3 


230% 




ZK60 


Extrusion+ 


6.5 


200 


lxl O- 5 


240% 


[8] 




annealing 




212 


IxlO" 5 


320% 










225 


IxlO' 5 


430% 




ZK61 


PM+extrusion 


0.5 


200 


IxlO"' 


100% 


[9] 








200 


IxlO 2 


283% 










200 


IxlO' 3 


659% 










200 


IxlO" 4 


410% 
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AZ91D#^4r^4fg--5)-fcb (wt%) (at%) 



Mg Al Zn Mn Si Fe Cu Ni Be 



wt% Bal. 9.07 0.62 0.33 0.0172 0.0026 0.0006 0.0004 0.0002 
at% Bal. 9.94 1.64 0.74 0.0195 0.0059 0.0016 0.0010 0.0001 



(415 °C±15°C . 1-3 ) 
J^at«f3S (300 U C±50"C) : (1) 42:1 : (2) 100:1 ; (3) 166:1 
*4UJH* = *-i£#3S (300°C±50°C) : 42:1 
*— it»3S (250°C±50°C) : 4:1 
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166:1 


99.4% 
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97.6%' 
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UTS, MPa Elongation 






146 4% 


42:1 

-itifrfi 100:1 
-3t#3! 166:1 




318 16% 
340 16% 
340 20% 


— 166:1 




350 20% 












200 °C 


250 °C 300 °C 


42:1 
100:1 
166:1 


-0.18 
-0.20 
-0.29 


-0.25 -0.28 
-0.30 -0.33 
-0.50 -0.51 


166:1 
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-0.48 -0.49 
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(1) ^^i§E>S4fil'75te^£^a^ + ^S.£400-430 o C## 1-3 Hi* 

(2) M»3!*<.*Mfi!a£lil**#-a£ • ^250-350°C 4LH - 

#3* tt 40:1 JL 160:1 <.|U)«<rM • 3.7-S.l 

( 6p In40-lnl60) ^[BJ . 

(1) $tt&fti&IB»A9< 75te^£*ML^«tfi-a5.400-430 o C^# 1-3 -ft* 

(2) *it#**4J»S a^t-'f- a*. IB « *■ * - a& • » 25C-350°C ^ 

W ; *-3t#fia&4!z.H*:fr*.-aj£ - * 20Q-300°C iffl . f^-^-ig* 
^4La^ 50 n C±20°C ; *-4U*S fcfc£ 20:1 Jl 50:1 - 4l»g**4»*A 
; »^St*Sfc* 2:1 4 8:1 • tt*tt»8<.j*4ftttft£ 
fcbfl*ifc*i 40:1 £ 160:1 4Lfi!J*ifc£ - *PX*»«jHr**tHtt^Ji- 
3.7-5.1 ^P a 1 . 



.20 




H- ftAZ91»fi#«.JWtt4-frJlfi[ti ' 

1— ft A291 #S#4L#.a*S^#^^3#.'lta&^*t'ftit*^^bB| : (a) 
^£!tb 42:1 ; (b) #^*t 100:1 ; (c) Mfcb 166:1 « 

Hi ft AZ91 »^^i«^ra*SfcfcJL**ijt#Sft^&ail5«4jL#4fcb*ilB : 
(a) 250 "C & lxIO- 3 s 1 fttt ; (b) 300 °C & lxlO" 3 s 1 - 

Bo ft AZ91 166:1 *^H!4fc.fc. 300 U C jL*-£4g.M£tt£ 

W-S. ft AZ91 r^^-^ tb^Lf*>? 250°C &300 °C A. 1x10° s"' 

ffl^ ft AZ91«^*» 100:1 4L#3S*t«Ji > £ 200 * 250 ^ & 300 °C e$MJl 
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Strain rate, s" 1 
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1 1 J — riiiif 1 1 — 1 — n-T 
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1 I .4 i i 1 1 1 J .1 1 1 f 1 1 


hi 1 til. 





vr 



u J io; 1 
Strain rate, s" 1 



~°— 166:1, 20CPC 
166:1, 25CO 
166:1, 3<WC 
" a ~ 166:1 Two-step, IWC 
- E — 166:1 Twivstep, 2S<TC 
~*~ 166:1 Two step, 3(KTC 




10- 



i(r J lo" 1 
Strain rate, s" 1 



io- J 



AZ91 #^#4LfeaS«^*^3F^14t#iS.)!jt^*t'ftii*^*-fbJB : (a) 
fi& 42:1 ; (b) 100:1 ; (c) Mfct 166:1 • 



^*fc»XJtit« tSB***- { CNS ) A4$L& < 210X297/ A V£ ) 



* 
* 

# 

«■ 
8. 



IT 



536558 



S3, 
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500 



~i — i — p* — i — i — i — i — p 



i 1 ' 1 > 



B 250°C, IxXQ* s 1 j 




42:1 



100:1 166:1 

Extrusion ratio 



166:1 Two step 



1500 



1250 



^ 1000 



~i — " — i — i — | — i — » — ' — i — | — i — i — i — i — j — i — t — i — i- 




42:1 



100:1 166:1 166:1 Two step 

Extrusion ratio 



250 °C & IxlO" 3 s" 1 &4t8* ; (b) 300 °C M lxlO" 3 s A ° 
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• • y = 510.13 * x A (0 .20788) R = 099691 
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